Atty. Dkt. No. 016777/0309 

^ m THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant: Kaare M. GAUTVDC et al. 

Title: Production of Human Parathyroid 

Hormone From Microorganisms 

AppL No.: 09/287,332 

Filing Date: April 7, 1 999 

ExaxDiner: R. Landsman 

Art Unit: 1647 

DECLARATION OF KAARE GAUTVTK. M J>> 
PURSUANT TO 37 C.F.R, 8 1,132 

Mail Stop NON-FEE AMENDMENT 
Commissioner for Patents 
PO Box 1450 

Alexandria, Virginia 223 13-1450 
Sir: 

I, KAARE M. GAUTVK, declare as follows: 

1 . I am a co-inventor of tbe above-captioned application, 

2. I am a citizen of Norway residing at Bregnevn 3, 0875 Oslo, Norway. I am 
fluent in English. My curriculnm vitae is attached her^o as exhibit A, 

3. Hie standard hPTH(l-84) referred to on page 7, line 19, of the specification is 
synthetic hPTH obtained from chemical supply companies, including Peptide Institute Protein 
Researdi Foundation, Penninsula Laboratories, Sigma, and Bachem* 



4. I participated in the experiment detailed below to study the purity of the 
synthetic hPTH obtained fiom Peptide histitute Protein Research Foundation, Pemunsula 
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Laboratories, Sigma, and Bachem as compared to recombinant hPTH produced according to 
the claimed inventioiL The experiment was performed on NovOTibcr 30, 1 989 and the 
commercial hPTH prq)arations were purchased fiom 1986-1989. 

Eyperlmental Method 

5. 0^ jjg of hPTH(l-84) obtained from Peptide Institute Protein Research 
Foundation, Penninsula Laboratories, Sigma, and Bachem, and from hPTH(l-84) produced 
according to the claimed invention, was analyzed on an SDS-P AGE gel. The protein bands 
were stained by silver nitrate. Silver nitrate is the most sensitive stain to disclose impurities. 
The hPTH(l -84) was loaded onto the gel as follows. Where available, lot numbers, catalog 
numbers, and date of arrival to flic laboratoiy are provided 

Lane 1 : BRL, low molecular standard 

Lane 2: Peptide Institute Protein Research Foundation, lot 
no 350306, arrived July 1986 

Lane 3: Penninsula Laboratories, arrived July 27^ 1986 

Lane 4: Sigma P-7036, arrived before October 1**, 1987 

Lane 5; Bachem, lot no ZF567, arrived July 1 989 

Lane 6: Bachem, lot no 734B, arrived February 1 989 

Lane 7: E,coli PTH (recombinant) (produced according to 
claimed invention) 

Lane 8 ; Yeast PTH (recombinant) (produced according to 
claimed invention) 

Lane 9: Yeast (Q26) PTH (recombinant) (produced 
according to claimed invoition) 

Lane 1 0: BRL, low molecular wei^t standard 
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Results 

6. A photograph of the SDS-P AGE gel obtained from the above-described 
experiment is provided as Exhibit B. Since the lanes of the gel were loaded with the same 
amount of hPTH(l-84), 0.2 ^g, according to the manufacturer's description, the intensity/size 
of the bands should be the same. However, as shown in the SDS-PAGE gel picture attached 
as Exhibit B, Ae intensity/size of the bands is not the same for the hPTH(l-84) obtained from 
Peptide Institute Protein Research Foundation, Penninsula Laboratories, Sigma, and Bachem 
(lanes 2-6), as compared to the recombinant hPTH produced according to the claimed 
invention (lanes 7-9), Further, impurities (shadows appearing above or below the main band) 
are apparent in the lanes containing hPTH(l-84) obtained from P^tide Institute Protein 
Research Foxmdation, Penninsula Laboratories, Sigma, and Bachem, but are virtually absent 
in the lanes containing recombinant hPTH produced according to the claimed invention. A 
more detailed analysis of the results of the gel is provided below. 

7. Lane 2: The molecular weight of the main band is higher than the expected 
molecular wei^t for hPTH(l-84). hnpurities are seen on the photograph above and below 
the major band. The material in lane 2 contains less hPTH(l-84) than the manufacturer's 
stated quantity. 

8. Lane 3: The molecular weight of the main band is highw than tiie expected 
molecular weight for hPTH(l-84). Impurities are seen on the photograph above and below 
the major band. The material in lane 3 contains less hPTH(l-84) than the manufacturer's 
stated quantity. 

9. Lane 4: Low molecular weight impurities are present. The material in lane 4 
contains less hPTH{l-84) than the manufacturer's stated quantity. The impurities lead to 
false weight estimations. 

1 0. Lane 5: Low molecular weight impurities are present The material in lane 5 
contains less hPTH(l-84) than the manufacturer's stated quantity. The impurities lead to 
false weight estimations. 

-3. 



c 

Atty. Dkt No. 016777/0309 
Appln. No. 09/287,332 

11. Lane 6: l^wmoleoilarweight impurities are present. The material in lane 6 
contains less hPTH(l-84) than the man\ifecturer*s stated quantity. The impurities lead to 
^se weight estimations. 

12. Lane 7: The hPTH(l-84) is more than 95% pure hFm(l-84) of the correct 
molecular weight There is virtually no material above or below the major protein band. 

13. LaneS: The hPTH(l -84) is moits than 95% pure hPTH(l -84) of the correct 
molecular weight There is virtually no material above or below the major protein band. 

14. Lane 9: QPTH moves a little faster than hPTH(l-84) because of one amino 
acid residue substitution, and there is no sign of impurities 

1 5. Although the synthetic hPTH (1-84) obtained from Peptide Institute Protein 
Researdi Foimdation, Penninsula Laboratories, Sigma, and Badiem was impure, this 
synthetic hPTH (1-84) was used as ahPTH (1-84) standard in my lab. The impure hPTH (1- 
84) standard was used to confinn in early experiments the identity and characteristics of 
hPTH (1-84) produced according to the claimed invention. The impurities present in the 
synthetic hPTH (1-84) standard did not as such, affect the usefiilness of tiie syntiietic hPTH 
(J -84) as a qualitative "standard." 

16. As a consequence of impurities and incorrect amounts provided by the 
commercial producers, the specific biological activity of evai their best preparation was 
found to be about 30% below fliat of the recombinant hormone. {See, e.g., exhibit C, R^ype, 
S., et al., 1991, JBC. 22:14198-14201, Figure 5). 
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17, I hereby declare that all statements made herein of my own knowledge are true 
and that all statements made on information and belief are believed to be true, and furtho: that 
these statements are made with the knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of ttie 
United States Code and that such willful false statements may jeopardize the validity of the 
application or any patent issuing thereon. 
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June 2003 



CURRICULUM VTTAE 
RELEVANT PUBUCATIONS 
Kaare M. Gautvik,H.D.,PhD, Cmef consultant 



Personal arumii 

Name: 

Home address: 
Business address: 



Kaare H. GauWik 

Bregnevn. 3. 0875 0^. Nonvay 

Instftute of Medical Biochemistry. University of 

P.O.BOX 1112 Blindem. 0317 Oslo, Nonivay 

47-22851055 (wortc); 47-22235137 (home) 

11th of December 1939 in Oslo. 

No.: 111239.39311 

VIgdis Teig Gdi^ilc. date of birth: 24th of March 1947 

Lars Eriend Sakrisvold Gautvili, date of birth: 9th of January 1964 

Si$a Marie Sakrisvold Gautvflc. date of birth: 31th of March 1973,Ole Martin Teig GautvOt, date of birth: 21th of 
January 1982 



Telephones: 

Date and place of birth: 

Social Security: 

Married to: 

Children: 



Education and Clinical Specialities: 

1 . August 1958-June 64. Medical School at the University of Osto. 

2. 1 967-69. Courses m mathematics involving geometry, statistics and mathemalicai analysis. 

3. May 1 970. Disputation for the medical doctor degree at the Unh^ersity of Oslo. 

4. 1 985. Specialist in cfinical diemlstry. and physiology and nudear medicine. 

5. 1 986, Specialist in occupational health medicine. 

Employment: 

1. June 1964-June 1965. working at Tromse University Hospital at medical and surgical departments. 

2. July 1965 until December 1965. working as a general practtoner in Sjevegan. Troms. 

3. One year military service as a major in The Nonvegian Air Force, 
working mainly at the Norwegian Institute for Aviatkm and Space Medicine. 

4. From 1 967, position as post-doctoral researcher at The Institute of Physiology, University of Oslo. 

5. From September 1 969, promoted to Assistant Professor at the Unh^rsity of Oslo, Institute of Physiology. 

6. Leader and responsble for clinical and experimental endocrinotogical laboratory of In^te for Surgical Res., 
The National Hospital. Osto. from 1973-89. 

7. From 1 976-1 978, training as a specialist in clinical chemistry at the Norvvegian Radium Hosprtel. Oslo. 

8. From August 1983 appointed to full professor at the Institute of Medical Biochemistry, Medical Faculty. 
University of Oslo. 

(At the same time receiving offers of professor chairs at the Institute of Physiology, Medical Faculty and at the Institute of Physiok>gy and 
Biochemistry. Faculty of Odontotogy). 

9. From Jnuary 2002 employment as senior consultant at Department of Clinical Chemistry, Labaratory Division. Utieval 
University Hospital and professor II at the University of Osto. 

Post-doctoral training abroad: 

1. For three months in 1967. 1 worked as a lecturer at the D^artment of Phystotogy, 
Medical School. Binningham University, England. 

2. From August 1 971 to July 1 973 in receipt of Fogarty intemationa] post-doctoral feitowship 

at the Department of Phamiacotogy. Harvard School of DentaJ Medicine and Harvard Medical School. 

3. 1980. 4 months Visiting Professor at Institute of Genetics, BMC, Uppsala University, Sweden. 

4. 1995/96. 12 months Visiting Research Professor. The Scripps f^esearch Institute, 
Dept. Mol. Bology. La Joita. San Diego. USA. 

5. 1997. 3 months Visiting Research Professor, The Scripps Research Institute. DepL Mol. Bk)logy. 
La JoOa. San Diego, USA 

Teaching responsibility: 

1 . One year teaching in aviation mecfidne for medical personnel and pilots. 

2. I have given lectures and courses for medical students in foltowmg subjects: 

Haematology, kkiney physiology, endocrinology. circulatk)n, respiration and gastrointestinal physiology. 

From 1983 organized and given lectures and courses in molecular genetics at undergraduate and postgraduate level for students in 

medidne and sdenoes. 

3. Organized interfaculty advanced courses within molecular endocrinology. 

4. Lectures have been given in the folfowing subjects at post-doctoral courses: 

Diseases of the thyroid gland (1973); Regulation of circulation in the gastrointestinal system (1973); Local hormones (1975); 
Endocrinology (annually from 1978); Tumour martiers (1979); Calcium meteboSsm (annually from 1980); Ligands for peptide hormone- 
receptors, and Nudein acid biochemistry (1984); TRH-receptors in prolactin-productng cells (1985). Motecular biology in medical research 
(yeariy from 1983). Biochemical analysis on bone material (1991). 

5. Invited lectures: Several places in the U.S., in Sweden, in Finland, and in England, as weD as different places in Norway, a total of 37 as of 



1995. 




6. Chief organizer of post graduate sdentrTic courses for the Medical Faculty at University of Oslo. 1 98S-1 991 . 

7. Organizer of international scientific meetings within the frame of the fbOowmg societies: 

Acta Endocnnologica (European International Endocrine Soc^}. The Scandinavian Phystofogy and Pharmacdogy Meetings, and the 
Norwegian Biochemical Society. 

8. Introduced teaching in Molecular Biology for students at the Me<ScaI Faculty, Oslo. 

9. Invited as Symposojm Lecturer at intemattonal meetings in physiology and endocrinology and molecular txology as exemplified t»elow: 
Examples of specially invited symposium lectures: 

1 . Fet>ruary. 1990: "Production of recombinant human parathyroid hormone in E.coG and Saccharomyces cerevisiae and its potential use as 
drug in osteoporosis" by Kaare M. Gautvilc. Eli Lilly Co., Indianapolis. USA, in a 

Bbtechnology meeting. 

2. June, 1990: Symposium lecturer and organizer "Hormone receptors and ceDular signal transduction. The XXII 
Nordic Congress in Clinical Chemistry, Trcmtttieim, Norway. 

3. July, 1990: Symposium lecturer 'Transmembrane signal systems involved in the regulation of prdadin secretion by hypothalamic 
peptide honnones in cultured pituitary ceDs. 2nd European Cor^ress of Endocrinology, LjubQana. 

Yugoslavia. 

4. July. 1990: Symposium lecture: "Successful cloning and production of human parathyroid honmone (hPTH) In yeast as a secretory 
producf. 5th European Congress on Biotechnology, Copienhagen, Denmark. (Unable to 

attend, and the lecture was held by cand.5ctent Sjur Reppe). 

5. August. 1990: Symposium lecture: 'Processing and stability of himian parathyroid hormone produced in E.cofl and S.cerevisiae studied 
by in yjfro mutagenesis'. Workshop/Symposium on site-directed mutagenesis and protein 

engineering. Tromsa. Norway. 

6. December, 1990: Invited by Professor Guo Hui-Yu, Guangzhou, China and Professor G.L. French. Hong Kong. Lecture entitled: 
"Expression of human parathyroid hormone as a secretory protein in prokaryotic and eukaryotic mkroorganisms*. The Second 
International Conference on Medical Microbiology and Biotechnology Towards 

2000, Guar^ou, China. (Did not attend bs a protest against the punishment of the students rebellion in Peking). 

7. January 1991 : Invited to a Workshop by Dr. Stephen Green, Central Toxkx)logy Laboratory, ICI, AMeriy Park, MacoetesfieM SK10 4TJ. 

UK. Lecture entftled: "Synergistte effects of honnones and fatty acM on peroxisomal 8- ^ 

oxydation. enzyme activities and mRNA levels'. 

8. January 1991: Invited to a Protein Engineering Meeting by Professor Ian Campbell, Biochemistry Department. Oxford University. Oxford, 
UK. Lecture entitled: "Cloning and expression of human parathyrokl homnone in 

microorganisms'. 

9. Invited by Professors T.T. Chen. D^. Powers, 6. Cavari, Maryland Bk>technok>gy Institute. Baltimore. MD, to heM a symposium lecture at 
the 2nd Intemational Marine Biotechnotogy Conference. October 13-16, 1991 . Baltimore. 

Maryland, USA. (Could not attend). 

10. May 1991: Invited by Professor Jan Caristedt-Duke. Karolinska Institutet. Hud(finge. to he\6 a lecture in the seminar 
series "Novum Lectures in Cellular and Molecular Biok)gy'. 

1 1 . January 1992: Invited by Professor Armen H. Tashjian, Department of Molecular and CelKjIar Toxicology, Harvard School of Public Health 
and Department of Bkriogical Chemistry on Molecular Phannacology. Harvard MedcalSchod,Bostm^ Lecture entitled: 'Use of 
antisense RNA in delineation of ft^ mechanism of action of G- 

coupled honnones'. 

12. August 1993: Invited by Non«egian Society of Charted Engineers. The BSndem Conference. Lecture entitled: 
"Experience from industrializing basal research'. 

13. November 1993: Invited by KaroHnska s^jukhuset, Stockholm, to hekJ a lecture at 'Graduate oourse in molecular endocrinology - a problem 
oriented approach*. The lecture is entitled: 'Region specific actk>ns of parathyrokl hormone in target tissues'. 

14. February 1994: Invited by GBF. GeseOschafl fur 6k)technologische Forschung mbH. Braunschweig. Lecture ent'tted: 'Expresston of 
human parathyroid hormone in microorganisms and animal cells with special reference to 

signal sequence efficacy arnl intracellular modifications*. 

1 5. September 1994: Invited by Professor K. Dharmalingam, Department of Biotechnokigy. Madura! KamaraJ University, India, to held a 
lecture in the symposium "Gene expresskm systems', XVlth lUBMB. New Delhi. Lecture entitled: "Expression of human parathyroM 
hormone in mk:roorganisms, visect ceils, mammalian cells and 

as a miik protein in transgemc mice'. 

16. November 1994: Invited by Professor A. Taschjian Jr., Harvard School and Public Health. Boston, to held a lecture In a seminar, (.ectune 
entitled: "Certain stnjcturai and functunal (^aracteristk:s of the human TRH receptor cDNA 

and mappir^ of the gene*. 

17. February 11-13. 1995: Cairns. Australia. Woriishop on 'Animal models in the prevention and treatment of osteopenia". 

18. February 1995: fnl Meeting of Cak:ified tissue research. Melbourne, AusbBfa'a 

19. May 1996: Dublin University Program. "How to identify patients at r^ for devetopment of ostoporosls'. 

20. September 1996: Lecture at Scripps Research Institute. San Diego. "Unk^ue hypothalamh: spedfk: mRNAs 
expressed by molecular subtraction hybrktiz^n". 

21. September 1996: Invited seminar at the Astra Research Center. Montreal. "Ck)ning and expresskm of human 
polypeptide hormones with biomedicat potential". 

22. November 1996: Invited lecturer. The Norwegian Rheumatdogical Society. Osto, 'PTH (parathyrokiea honnone) - 
The bk>chemk:al foundatbn for treatment of osteoporosis'. 

23. December 1 996: invited at Nordic Conference for Medical Treatment of Osteogenesis Imperfecta, Hdmen 
Fjonlhotel. Asker, Norway. 'Characteristics of bone remodelling in patients with osteogenesis imperfecta'. 
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24. January 1997: Invited lecturer at The Satgrenska Hospital in Sweden. 'Character^ation and functk>nal analysis of 
novel hypothalamic genes as identified by directional tag subtraction'. 

25. 1 998: Guest lecturer at Scripps Research institute: "Hypothalamic calcium<almodulin kinas6*doning and functional aspects'. 

26. Fetmiary 1 999: Only invited speaker from abroad at Nattonai Osteoporosis Congress in Rio de Janeiro. Brazil. 

27. 2000: Lecture at NPS-AHelix company and Toronto University: 'Parathyroid homwne regut^ed bone remodelfing". 

28. May 2000. Rio de Janeiro. Brazil. Member of the International Scientific ParmI at the Intematkmat Congress in Osteoporosis. 
Honorary lectures and prfzet: 

1 . In 1 984 recipient of Professor Olav Torgersen's Prize and Memorial lecture. This prize and lecture was aeated by Professor Torgersen. 
the University of Oslo, who was one of the founders of the Society for Promoton of Cancer Research In Norway. Because he contributed 
with personal money, the prize arnJ lecture had his name. The tiUe of my lecture was: 'The meduflary thyrokf carcinoma: a special type of 
famiyai and hormone produdr^ cancer*. 

2. In 1984 1 was given the tntematk>nal science prize called The Nordc Insulin Prize Instituted by Professor Jacob E. Poulsen, who woriced at 
the University of Copenhagen. This prize is given within endocrirK)k)gy and the candkiate is chosen from all the countries in Northern 
Europe. The money was donated by the Insulin L.aboratory now the company Novo-Nordisk. At that time, only one Norwegian had 
prevkxisly received this prize. The prize was given 

for my studies regarding how hormones exerted their biok>gk:al actk>ns in t^et cells. 

3. The Gunnems Prize was given in 1 986 by the Royal Society of Norwegian Scientists. This is a prize whk^ is gWm to a 
sctenti^ selected by this society for sdentifk; merits obtained and again it was within the fieM of hormone stnicture and adfon. 

4. In 1987 1 received a prize within biotechnok)gy created by the Research Paric at the University of Oslo, whtoh at 
that time was caOed the Innovatbn Centre, University of Osk). 

5. Novum Lectures in CeRular and Molecular Biok)gy, which was associated with a sdentific prize. Invited by Professor Jan-Ake Gustafsson 
at Novum. Hu<Uinge* The Karotinska Institute, Swedmi, in 1991. This was given based on my research with human parathyrdd honnone 
in relatbn to its first doning. expresston and studtes of actbns. 

6. Lectures at Hansard School of Publk: Health In Cellular and Molecular Biok>gy in 1995, regardffig dornng of honnone genes and thetr 
charac^rizations. Invited by Professor A.H. Tashjian Jr. at the Department of Molecular and Cellular Toxicology, Harvard School of Public 
Health and Department of Bk^cd Chemistry and Molecular 

Pharmacology. Harvard Medical School, Boston. USA. 

7. Given a 3 years economk^al 'Group Researdi Support of 0. 8 M NOK per year from 1 997" after natkmat and 
International prpjed evaluatk)ns. 

8. Sdentifk; priaa (Abstract award) 1 997, at the Endocrine Society 'Ctonlng and Organizatton of the human TRH-receptor Gene'. 

9. Norwegian Endocrine Society Prize (S.Reppe) for -80x4 - a PTH regulated transcription factor In bone'. 

1 0. Endocrine Society 1 998: Poster Award: Oonmg and r6gulatk)n of the thyroHberin receptor gene. 

1 1 . Nonvegian Endocrine Sodety prize 1998: Hormone regulated bone remodelling. 

12. American Society for Bone and Mineral Research (ASBMR); 1999 Best Poster Award: The Transcriptfon factor Sox-4 is expressed in 
deveb|»ng cartilage and bone cells. 

Consulting appointments: 

1 . Senior honorary consultant for NPS Biotechnotogy, Salt Lake City. Cotorado, USA. 

2. Consultartt Jor Ka^ska 1^ Stockholm. Sweden^ 

Referee activity: 

I am or have been woricing as referee for the folfowing international journals: 

Endocrinotogy.J. ExpL CeD Res..Acta Phyaol. Scand. (Kbh.),Eur. J. Endocrinol. (Acta Endocrinol. Scand. {Kbh.),EurJ.CBn. Invest.,Horm(»ie 
Resean::h.Acta Obstet. Gynecol. Scand..Joumal of Endocrinological Investigatton.Eur. J. 6iochem..Experimental Cell Research,J. Bic^. Chem. 

Guidance for the academic doctor degree:Twenty three and 5 ongoing. 
Supervision of postgraduate candidates; Presently three. 
Supeivislon of students* main degrees: Nineteen. 

Guest research workers from abroad:ln my group we have had research visitors for periods of one to three years from Polen, Bulgaria. 

Sweden, Tyskland. Denmaric. Iceland, India, Israel and USA. 

Member of committees for the academic doctor degree in Nonway and abroad: 15. 

Member of advisory Intemational/nab'onal committees for evaluation of professor po8itlon8:14. 

Honorary SocietfesiMember of the Norwegian National Academy Science and Letters 

Professional membershipsiNoPMegian Society of Biochemistry.Norwegian Society of Phy«ok>gy.Norwegian Society of 
Endocrindogy.Endocrine Sode^ (USA).American Society for Bone and Mineral Research (USA) 
Medical Faculty ResponslbiStiee: 

1 . An elected member of the Medfoal Faculty 1987-1990. 

2. A member of the Research Council at the Medk:al Faculty 1987-1990. 

3. Chairman of Postgraduate Courses for Ph.D, and Drmed. students at the Medfcal Faculty 1 986-1991. 

4. Memt>er of the Institute Group Committee for the Preclinical Sciences from 1 989 and present. 

5. Member of the Medk^at Faculty's councel for evaluatfon of postgraduate applksatfons from 1989-1993. 

6. Committee member of the Medk»l Faculty's Scientiric Instrument Board, 1996-. 

7. Committee for Medk^al Research collaboratfon and interactton between University of Oslo and the National Hospital. 2000-. 
National* and International Research Council Responsibilities: 

1. Leader of Chemk:al Peptkie Synthesis Core fadfity 1984-1989. 
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2. Chairman for the Biotechnology Commmee as a representative for Norwegian Research Council in an Inter research councO body 1986- 
1989. 

3. Memt)er of The Norwegian Research Council for Science and the Humanities (NAVF) Committee for Physiology and Pharmacology, 1986- 
1989. 

4. Development and function as responsible leader of the nationwide core fadfty for peptide synthesis, 1988-1991. 

5. Member of the Premedical Institute Group Committee for Precfntcat Sdenoes from 1989-2003. 

6. Member of the International Scientific Board of Novo-Nordisk Research Committee. 1 989-2001 . 

7. Memb^- of the CIBA Foundation Scientific Advteory Panel from 1995 elected as representative from Nonivay, 1989-pre5enl 

8. Chairman of the Research Council in the Norwegian Association for Osteoporosis. 1993-2003. 

9. Leader of DNA Sequencing Core facBity of the Institute of Basic Science, 1999-pre8ent 

10. Consist and peer reviewer within Wallenberg Consortium North Technology Platforms DNA; SNP (single nudeotride pr^o/phism) 
Technologies and the Ptatfomt for PrtAeomics on behalf of the Board of the Wail^erg Consortium North, STocfc/wAT), Sweden, 2001-2004. 

11. Coordinator tor Marie Curie Training Sit^ Fellowship No ^^FH-200'00040 .-^ and 
Therapy of Osteoporos^— 2001-2005, 

12. Coortfyiator of EUe.Program STREP contract no 502941, liSolecular mechanisms of bone homeostasis' (OSIWGENQ, 
Eight partners in 5 countries- 20(^2006 

Awards and fellowships: 

1967. 3 months, I worked as a lecturer at the Department of Physiology. Medical School, Birmingham University. England. 

1971 to July 1973 in receipt of Fogarty international post-doctoral fellowship at the Department of Phannacology, Harvard School of Dental 
Medidne and Harv^ Medical School. 

1980. 4 months Visiting Professor at Institute of Genetics, BMC. Uppsate Univ^^, Sweden. 

1995/96. 12 months Visiting Research Professor, The Scripps Research Institute. Depl Mol. Biology, La Jdla. San Diego. USA. 
1997 Awarded for 3 years the Nonvegian Research Council's Science Prize for outstanding research. 

200 1 Promoted byEUto become Oslo Doctora! Training Site for D/agrrosK? & Therapy Of Osteoporosis, received by a group con&sVng ol 
scientists from University of Oslo, IMBA and the National Hospital. 

2002 Men^ of CNS Molecular Bkilogy group (leader fvarWalaas) appointed as a 'Research Theme Priority' at ^Medk^ 
Faculty ^002- 2007 

2004 OSTECXjENE (Molecular mechanisrns of bone homeostasis )proje^ given the highest priori^ and the only ^ected for presentation 
within Health Re^on East 2004. 

Other professional activlties: 

1 . Founder of the Nonvegian Association for Osteogenesis Imperfecta 1 978 (Norstc Forening for Osteoporosis Imperfecta) together with Mrs. 
L. Myhre. 

2. Founder of the Norwegian Association for Osteoporosis (Norsk Osteoporoseforening) 1993, together with Norwegian Women Public 
Health Association (NKS). 

Patents: 

IJwo U.S. patents. U.S. Patent No. 5.010 010 and No. 5.420.242 are held with international extensions in Europe, Japam, Canada, and 
Australia. In addition, three Divisional Applications are submitted to the U.S. Patent Office and elsewhere.These patents and patent applications 
in the different countries are covering specific methods related to the production, purification and characterization of PTH in microorganisms for 
the use in treatment of osteoporosis. 

Il.lnventor in patent application from Scripps Research Institute on: Novel hypothalamic mRNAs. tiie corresponding peptides and their functions. 

Publications: More than 200 original articles published in intemationafly well reputated and refereed loumA, Relevant arti^es am 
cited In relation to description of the research aetiviUes : 

A BRIEF DESCRIPTION OF THE MAIN RESEARCH PROJECTS AND RELEVANT REFERENCES 

A.STUDIES OF HYPOTHALAMIC SPECIFIC mRNAs OBTAINED BY A NOVEL SENSITIVE SUBTRACTION 
HYBRIDIZATION PROCEDURE 

The results so far from our refinement and usage of a powerful and highly sensitive novel subtractive nudetc add hyt>rKflzation method have 
been successful. The generated hypothalamic subtraction Kbrary appears to give a specific and comprehensive representation of mRNAs that 
are not present in other brain areas as hippocampus and oerebeQum. We have so far described several novel peptides: hypocretin (the cause of 
Narcolepsy) and several very interesting peptides, e.g. novel CaM Kinase (see list of references). Another CNS peptide is somatostatin-ilce, 
called cortistatin, structure similarity with somatostatin; P25 and Vat 1 , two uniquely expressed peptides in district regions of the brain. 

1. Gautvil(. K.M.. de Lecea. Luis, Gautvik, V.T.. Danielson, P.E.. Tranque, P., Dopazo, A., Bloom, F.E. and Sutdiffe. J.G. Overview of the most 
prevalent hypothalamus-specific mRNAs klantified by directional tag PCR subtraction. 

Proc. Nati. Acad. So. USA (PNAS) 93: 8733-8738. 1996. 

2. de Lecea, L. Criado, J.R.. Prospero-Carcia, 0.. Gautvilc. K.M .. Schweitzer, P., Danielson. P.E.. Dunlop, C.LM.Siggin G.R., Henriksen, S.J. 
and Sutdiffe. J.G. A cortical neuropeptide with neuronal depressant and sleep-OKidulating properties, feature 381: 242-245, 1996. 

S.de Lecea. L. Kilduff, T.S.. Peyron. C, Gao. X-B., Foye. P.E., DanielsOT, P.E., Fultuhara, C, Battenberg, E.LF..Gautvilc, V.T., Barttett II, F.S., 
Frankel. W.N., Van den Pol. A.N.. Bloom, F.E., Gautvik. K.M . and Sutdiffe, J.G. The hypoaetins: hypoflialamus-specifto peptides with 
neuroexdtatory adivtty. Proc. Nati. Acad. Sci. USA (PNAS) 95: 322-327, 1998. 
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B. ISOLATION AND CHARACTERIZATION OF mRNAs SPECIFIC FOR THE BONE CELL PHENOTYPE 

OBTAINED BY SUBTRACTION HYBRIDIZATION 

By using the same novel subtractive hybndizatkm procedure as empbyed and described above, we have generated a subtracted cDNA I tory 
using the osteosarcoma phenotype cDNA library as made from three difTerent human osteosarcoma eels from which Is subtracted the oONA 
library obtained from normal human osteoblasts. The subtraction Is performed by using cDNA from osteosarcoma oeBs mfrius RNA transcn'bed 
from the corresponding cDNA library of the nomrml osteoblast These are experiments fn progress and we are about to describe indvidual 
cones obtained from a subtracted library of about 400.000 independent oolonfes. The aim of this shjdy is to identify those mRNAs which are 
overexpressed or lacking in the osteosarcoma phenotype and compile these results in order to have a greater understamiing regarding how a 
nonmal cell is transformed Into this tumor type ( Olstad et al. .2003) 

C. ISOLATION AND CHARACTERIZATION OF mRNAs SPECIFIC FOR PARATHYROID HORMONE GENE 

ACTIVATION IN BONE CELLS CBone anabolic genes') 

Parathyroid hormone is the most important physiological regulator of bone fonnatlon. This hormone therefore is assumed to represent an 
important drug in the prevention and especially treatment of postmenopausal osteoporosis. However, as a succession of our previous work 
regarding the studies of this hormone, we have continued to search for a complete oven/iew of all gene products that parathyroid hormone is 
stimulating In bone cells in order to isolate the mf^NAs and corresponding proteins which may be of sentral importance for the development of 
osteoporosis - or which may be called *lhe genes for osteoporosis*. Again by using the same molecular substraction method as described in 
Chapter II, C. we use this time parathyroid stimulated normal bone ceBs cDNA ^yrary minus RNA transcribed from generated ia>raries of normal 
bone oeUs. This work is almost completed in a highly successful manner. We have isolated more than 40 genes which are involved in PTH 
anabolic action in bone, and among those we are searching for the gene(s) causing postmenopausal osteoporosis. 

D. As a complementation an to the activities described above, we have embarked on defining the bone phenotype in female and male 
osteoporosis wrtltin the context of the EU project OSTEOGENE (see above). About 100 patients and controls will have bone biopsies which will 
be prepared and analysed for their gk)bat gene expression and differences at the micro- and uHra^nictural level. I am the coordinator of this 
activity mduding 5 countries and where Osk) university and three hospitals( Ullevdl university hospitalthe National Ho^itat and Lovlsenberg 
ho^ital are woriung ck)sely together. This e a direct consequence artd follow up of prevtous research representing patient related basic and 
translational science aiming to solve the mechanisms of osteoporosis, the most common disease in women of 50 yrs of age. 

THE MAIN RESEARCH ACTIVITIES DURING THE LAST 8 YEARS AND FUTURE SCIENTIFIC ENGAGEMENT: 

i. PARATHYROID HORMONE (PTH) AND PARATHYROID HORMONE REUTED PROTEIN (PTHrP) 
The aim for this wori( was to produce: 

i) Recombinant parathyrokJ hormone for stmcture activity shjdies in relation to bone cell activation. 

li) Study intracellular processing and trafficking of these hormones and to compare signal sequence efficacy in different host expressun 
systems. 

We were the f^ In the worid to ctone and produce fulMength human recombinant parathvrokf homnone in mg quantities. For this wori( we 
devek)ped gene constructs, vector modifications, femientation technological improvements as well as complete methods for down-stream 
technology. The final product is PTH identical and more than 99% pure and has shown fiiD chermcal, biochemcal and bk>logk:al kientity v»th 
the Hitact hormone. These results are written In the foUowing artk:fes that are printed. 

We have also been as Indicated by the list of references bekw. the first in the world to express secreted human parathyrokl hormone in 
mammalian cells as wefl as a secretory mak product in transgenic mk». In addition, we have been the first to devek)p full-length PTH 
pdypeptkjes with agonist and antagonist functtons. 

1. Hagset, A., Blirigsmo. O.R., GauWik, V.T.. Saather, O., Jacobsen, P.B., Gordelad2e, J.O., Alestnun. P. and Gautvik, K.M. Expressk)n of 
human parathyroid homnone in Escherk:hia coli. BBRC 166: 50-60, 1990. 

2. Gabrielsen, O.S., Reppe. S.. Sletten, K., 0yen, T.B.. Sasther. 0.. Hegset A.. BUngsmo. O.R.. Gautvik, V.T., Gordeladze, J.O., Alestrem. P. 
and Gauhflk, K.M. Expression and secretkm of human parathyrokJ homione in Saccharomyoes cerevisiae. Gene 90(2): 255-262. 1990. 
S.Hagset, A., Blingsmo, O.R., Saether. O., Gautvik, V.T., Holmgren. E.. Josephson. S., Gabrielsen. O.S.. Gordeladze. J.O.. Alestrem, P. and 
Gautvik, K.M. Expressk>n and characterization of a recombinant human parathyrokJ honnone secreted ty E.ooa emptoying the staphylococca) 
protein A promoter and signal sequence. J. Bnl. Chem. 265: 7338-7344. 1990. 

In this regard we have received acceptance for an intematk)nal patent on gene constructkms, plasmtds, the process and the down-stream 
technology. In the further work we have by using In mutagenesis, created fuU length parathyroid honnone aoonist whk:h has shown to be 
protease resistant and have Interesting biological actions regarding md>ilizatk)n of calcium from bone. 

Both the intact honnone as wdl as the agonist will represent important medical drugs for use in diagnostics as well as represent a potential drug 
for treatment of vanous diseases. 

4. Reppe, S., Olstad. O.K., Blingsnw. O.R.. Gautvik, VT., Saether, 0., Gabrielsen, O.S.. 0yen, T.B., Gordelato. J.O., Hafian. A.IC, Tubb. R., 
Morrison, N.. Tashf an, A.H. Jr., Alestrem, P. and Gauhnk. K.M. Successful cloning and production of human parathyrokJ hormone (hPTH) in 
yeast as a secretory product ECB, 5th European Congress on Biotechnology. Copenhagen July S-14. 1990. (Invited). 

5. Reppe, S., Gabrielsen, O.S.. Olstad, O.K., Morrison. N., Saather, 0., BOngsmo, O.R.. GautvSi, V.T., Gordeladze, J.O., Hafian. A.K.. Voellcel. 
E.F., 0yen, T.6., Tashjian A.H. Jr. and Gautvik. K.M. Productton of recombinant human parathyroid hormone In yeast Synthesis, purificatkm, 
and bbbgical charaderizatton of a Lys-26Gln site directed mutant J. Bid. Chem. 266: 14198-14201. 1991. 

S.Forsberg, G.. Brobjer. M., Holmgren. E.. Bergdahl, K., Persson. P.. GauWik, KM. and Hartmanis, M. Thrombin and H64A subtiltsin cleavage 
of fusk)n proteins for preparatk)n of human recombffiant parathyroid honnone. J. Protein Chem. 10(5): 517*526. 1991. 
7.0lstad, O.K.. Reppe, S., Gabrielsen, O.S.. Hartmanis, M., Blingsmo, O.R., Gauh^. V.T.. Hafian. A.K., Christensen, T.B., 0yen. T.B. and 
Gautvik, K.M. Isolation and characterizatksn of two biologicalty active 0-glycosylated forms of human parathyrokJ honnone produced in 
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Saochammyces cerevisiae. Identification of New Motif for O^^cosylation. Eur. J. Biochem. 205: 31 1-319, 1992. 

d.Kareem. B.N., Rokkoknes, E.. Hcgset. A.. Holmgren, E. and Gautvik, K.M. A method for the evaluation of the effoiency of sfgn^ sequences 

for secretion and correct N-terminal processing of human parathyroid hormone produced in Escherichia coll. Anal. Sochem. 204: 26-33, 1992. 

Recently we have expressed the first known full length antagonist for hPTH. a k>ng sought for molecule of oonsiderabie dlrncal InteresL Tbe 
compound has a binding KD which is 2A times less than the natural honnone, but shows a more than 100-foM reduced biologkaf activity. 
S.Rian. E., Jemtland, R.. Olstad. O.K.. Gordeladze, J.O. and GautvSc, K.M. Expression of btologk:ally active human 
parathyroid hormone-related protein (1-141) in Saccharomyces cerevisiae. Eur. J. Bk)chem. 213: 641-648, 1993. 

10. Rian, E.. Jemtland. R., Olstad. O.Kr., Endresen. M.J.. Crasser, WA. Thiede. MA. Henriksen. T., Bi^t. E. and Gautvik. ICM. ParathyrokJ 
hormone-related protein is produced by cultured endothelial cells; A possft}i6 rofe m angbgenesis. Bk)chem. Biophys. Res. Commun. 196(2): 
740-747, 1994. 

11. Kareem, N.B., Rokkones, E.. Hegset, A., Holmgren. E. and Gautvik. K.M. Translocation and processing of various human parathyrokJ 
peptides ki E.colt are differentialty affected by protein A signal sequence mutatkm. Eur. J. Bkxiiem. 220: 893-900, 1994. 

12. Rokkones, E., Kareem. B.N., Olstad, O.K.. Hegset, A.. Schenstrem. K.. Hansscffi. L. and Gautvik. K.M. Expression of human parathyfoM 
hormone in mammalian cells. Eschernhia coi and Saccharomyces cerev^e. J. Blotechnol. 33: 293-306, 1994. 

13.0lstad, O.K., Morrison, N.E.. Jemtland. R.. Juppner, H.. Segre. G.V. and Gautvik, K.M. Differences in binding affinities of human PTH(1-84) 
do not alter bblogk^l potency: A comparison between chemically synthesized 
hormone and recombinant forms. Peptxies 15: 1261-1265, 1994. 

14.Rokkones, E., Fromm. S.H.. Kareem. N.B., Olstad. O.K.. Hagset, A.. Klungeland. H.. Iversen. J.. Bjaio. K. and •Gautvik. K.M. Htmian 
parathyroid honnone as a secretory peptide in mOk of transgenic mioe. J. Cell. Biochem. 59: 168-176 1995. 

15.01stad. O.K., Jemtland. R., Loseth, O.P.. Bringhurst. F.R. and GautvBc, K.M. Expression and charact^ization of a recombinant human 

parathyrokJ hormone partial agonist with antagonistic properties: Gly-hPTH(-1+84). Peptides 16: 1031-1037, 1995. 

16.Mathavan. S.. GauMk. V.T.. Rokkones, E., Olstad. O.K.. Kareem. B.N.. Maeda. S. and GauMc. K.M. High level production of human 

parathyroid honnone in Bombyx mori lan/ae and BmN c^ls using recombinant baculovirus. Gene 167: 33-39, 1995. 

17.0lstad. O.K. Reppe. S., Laseth. O.P., Jemtland. R. and Gautvik. K.M. BMing and Cyclic AMP Stimulatbn by N-termoiatty Deleted Human 

PTHs (3-84 and 4-84) in a Homologous Ligand Receptor System. J. Bone & Mineral Res. 12: 1348-1357. 1997, 

18. Jemtland. R.. Lee. K. and Segre, G.V. Heterogeneity among oefls that express osteodast-assodated genes in deveioptng bone. 
Endocrlnotogy 139(1); 340-349. 1998. 

19. Jemttand. R.. Rian. E.. Olstad. O.K.. Haug, E.. Bnjiand, O.S.. Bucht. E. and Gauh/ik KM. Two human osteobla^-fike osteosarcoma ceD ine 
show distinct expression and differential regulation of parathyroid hormone-related protein. J. Bone Miner. Res. 14(6): 904-14, 1999. 

20. Reppe. S.. Rian. E.. Jemtland. R. Olstad. O.K.. GauMk, V. and Gautvik. K.M. SOX-4 mRNA is expressed in the embryonte growth plate and 
regulated via the PTH / PTHrP receptor in osteoblasl-like celts. J.Bone M&>.Res..1 5.2402-241 2, 2001. 

21 .Olstad. O.K., Reppe. S.. Rian. E.. GaulvBc, V.. Ohisson. C, Bruland, 0. and Gautvik. K.M. Overview of human osteosarcoma specific or 
enriched mRNAs, as identified by directional tag PCR subtraction. Antfcancer Research 23;2201-2216, 

22.Rian. E.. Reppe, S.. Olstad. O.K.. Gautvik. V.T.. Jemtland, R., Bruland. 0.. and Gautvik.K.M. Regulation of osteoblastic gene expressfon by 
parathyorid homrone (1-84) in a human osteosarcoma cell line: Characterization by subtraction Gbra7 technology. Submitted 2004. 
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Hnmaa parathyroid hormone <hPTH) is snaeeptible 
to proieolytlcal cleavage both in humane and when 
expressed as a secretory product in SachericKia cM 
(H0gsetb» A., BUngsmo, O. R.» S«Bther, Gantvik, V. 
T., Holmgren* E., Hartmanis, M., Josepbson, S., Ga- 
brielsen, O. S., Gordeladse, J. 0.» Aleatrem, P*> and 
Gautvik, R. M. (1990) J. Biol. Chem. 266, 7338-7344) 
and .SseeAoromyces cer^tMae (Gabrielsen, O. S.. 
Reppe, S., B»th^» C. Blingsmo. O. R., Sletteup K., 
Gordeladse, J. O., Hegset. A.» Gaotvik, V. T., Alestrem, 
P., 0yea, T. B.» and Gavtvlk, K. M. (1990) Gene 
(Amet.) 90. 255-262). In the latter system^ one major 
site of cleavage was identified (Arg**-Ly8*'JLy8*^). To 
produce hPTH resistant to this proteolytic processing, 
a point mutation changing Lys** to Gin was introduced, 
and the modified gene expressed in S, eerevisiae as a 
fusion protein with the a-factor leader sequence. The 
resulting major form of hPTH secreted to the growth 
medium was of fkiU length showing that the mutation 
had eliminated internal processing. Consequently, the 
yield of the mutant hormone was significantly higJtor 
than ohtalned with the natural peptide. Using tm« 
proved purification proeeduresTa >i^fl^mtlylilih^~ 
purity was also obtained. The secreted mutant hPTH- 
(1'84.Q26) had the correct size, full immunological 
reactivity with two different hPTH antisera, correct 
amino acid composition and N-terminal sequence, and 
correct mass as determined by mass spectrometry. Fur- 
thermore, the introduced mutation did not reduce the 
biological activity of the hormone as judged from its 
action in three biological assay systems; 1) a hormone* 
sensitive osteoblast adenylate cyclase assay; 2) an in 
vivo c^inm mobilizing assay in rats; and 3) an in 
viiro bone resorption assay. 



* Thia project has baen supportad in part by the company Selmar- 
Sande A/S. by The Royal Korwegisn Council for Scientific and 
Industrial Reseaich Granu PT 15.18471 and PT 1&.15449. by the 
Andan Jahre*s Foundation for the Promotion of Science, and by the 
Rakel and Ouo K. Bnnin's legacy. The project was also funded by a 
research grant irom the Nordic Yeast Research Program to OSG and 
a Research Grant DK 10206 from the National Institutes of Health 
(to A. H. T.). The costs of publication of this article were <fefrayed in 
pari tht payment of page dtarges. This article must therefore be 
hereby marked "advertisement" in accordance with 18 U.S.C. Section 
1734 solely to indicaCe this fact. 

1 To whom correflpondence should be addressed: DepL of Biochem- 
istjy< University of Oslo, P. O.Box 1041 BUndem. 0316 Oslo 3, 
Norway. TVL: 47.2-4&-61-73; Fa*: 47-2-46-41-94. 



Gene fusions with the mating pheromons a-factor leader 
sequence have been widely used to eqnesa, correct^ process, 
and efficiently secrete human protcina of medical interest in 
Saecharomyce$ cerevUiae (1^). Contrary to the situation in 
higher eukaiyotes where the propeptide processing signal 
seems to involve proximal residues in addition to the doublet 
of basic amino acids (5, 6), there is no evidence that yeast 
yscF eodopeptidase {KBX2 gene product) requires more than 
a pair of basic amino adds to process a propeptide, althou^ 
a Lys-Lys pair is a poor substrate for the enxyms (6, 7). Since 
the probability of finding two consecutive basic amino adds 
(Lys-Arg, Arg-Lys, or Arg-Arg) in a random protein sequence 
is rather high, many heterologous proteins risk to be al>er- 
nntly processed during secretion in yeast. Thus, in several 
cases where such sites have been present in the mstuie 
peptides, the secretion products were reported to be either 
partially (8) or completely (9) cleaved, heterogeneous (10), or 
to contain extra unidentified peptides (11), suggesting aber- 
rant processing. 

The mature htnnan parathyroid hormone (hPTH)' iilus- 
trates this problem because It contains two potential process- 
ing sites (Arg-Lys) in the 84-amino add*long molecule. Hence, 
when the hPTH gene, fused to the a-£sctor leader, was ex- 
pressed in 5. cereuisiae, a significant fraction of the synthe- 
sized protein was deaved at the first of these sites. The 
cleavage site was localized after the two basic amino acids 
(Arg"-LyB"lLys"), suggesting that the yscP protease is in- 
volved (12). 

In the present report we describe the production in yeast of 
a mutant hPTH where the internal putative yscF cleavage 
site has been removed by in tntro mutagenesis, substituting 
lysine at position 26 (Lys**) by glutamine (Gin"). As s con- 
sequence, the m^r de^datioo product hPTH-(27-^) (12) 
was no longer found in the growth medium while the yield of 
full-length hormone increased. The secreted faPTH-(l- 
84,Q26) had correct size, mass, sequence, and immunoTeactiv- 
ity. Furthermore, the introduced mutation did not reduce the 
biological activity of the hormone as judged from its action in 
several biological test systems. 

*The abbreviations used are: hPTH. Human parathyidd hormone; 
hPTH-(l-84). fldl-length (84 amino acids long) human parathyroid 
honnoiw with no mutationa; hPTH-(l-A4.Q26), full-length human 
parathyroid hormone where amino acid Lya^ is mutated to Gln*^ 
prefix y. produced in yeast (5. cenrvuuie); prefix a, synthetic (com- 
mercial preparation). 
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MATERIALB AND METHODS AND RESULTS' 
DISCUSSION 

Tht bPTH appears to be espcctally senfiitive to proteolytic 
degradation. Lai^ amount* of hPTH fragments are found in 
the parathyroid ^and (13), and only about 10% of circulating 
hPTH immunoraactive peptides are fuU-length hormone (14» 
15). Similarly* degradation of hPTH has been a major problem 
when the hormone ia ezpreBsed in heterologous organisma 
(16, 17). Improved yields of intact hormone have been ob- 
tained by secretion of the hormone into the growth medium, 
either in Escherichia coH (18} or in 5. cerevuiae (12) or by 
expressing hPTH as an intracellular fusion protein in E, coU 
(19, 20). Even in these systems, proteolytically cleaved forms 
may be produced reducing the yield of intact hormone. 

The present results show that hPTH can be expressed in a 
correctly processed and secreted in a largely intact form in S, 
cerevisiae after the introduction of a single, structurally con- 
servative mutation in the 26th amino acid (Lys^ — • Gin). The 
hormone produced resists the frequent cleavage found in the 
non-mutated hormone (12). 

The increase in final yield from shake flask cultures of pure 
full-length hormone agonist is 6-10- fold compared with that 
obtained with the nonmutated hormone expressed in the same 
system (12) uBi7>g identical culture conditions (results not 
shown). An improved purification procedure gave homogene- 
ous hPTH-(l-^,Q26) after two high performance liquid chro- 
matography steps. 

The mutation was introduced in a region of hPTH previ- 
ously found to be essential for biological activity (13) and 
within a uiplet of basic amino acids conserved between the 
rat (21), porcine (22), bovine (23), and human hormone (24, 
25). However, no difference between the activity of recombi- 
nant yhPTH-(l-84,Q26) and standard shPTH-(I-84) could 
be detected in three different biological assays: an adenylate 
cyclaae assay, measurement of the ability to induce hypeical- 
cemia in parathyroidectomized rata, and the mouse caKrarial 
assay for bone resorption-stlmulsting activity. It ia possible 
that the dibasic site in hPTH in fact functions as an easily 
attacked proteolytic site that destabilises the hormone and 
thvM allows more rapid fluctuations in the hormone levels. A 
more degradation-resistant hPTH agonist could therefore be 
of potential importance when u&ed as a medical drug due to 
different pharmacokinetics. 

hPTH is one of the primary calcium-regulating hormones 
in the body and acts principally on kidney and bone cells, 
stimulating renal calcium reabsorption, phosphate excretion, 
and bone remodelling, respectively (26>28), resulting in ana- 
bolic as well as catabolic effects. Its overall physiological 
action is probably to generate a positive calcium balance and 
enhance bone formation. A fragment of hPTH together with 
l,2S-<OH)3 vitamin Dt have also been reported to induce bone 
formation in humans (29, 30), and one of the m^or areas of 
potential use of a recombinant hPTH is therefore in the 
treatment of postmenopausal ostec^orosis. To evaluate such 
applications, sufficient supplies of recombinant hPTH or its 
agonists are essentiaL 

AcknowUdgment — We are grateful to Dr. Knut Stetten, Depart* 
ment of Btocbeniistiy, Univertity of Oalo, Norwray, for doing the 
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